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Individual Load Modeling:
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Innovations and Challenges

i

Distribution
Synchrophasors

By Hamed Mohsenian-Rad,
Emma Stewart, and Ed Cortez

IN THE EVOLUTION OF ADVANCED SENSING TECH-
nologies, transmission systems have led distribution. The
visibility and diagnostics of the transmission grid have
been transformed over the past decade with the systematic
deployment of phasor measurement units (PMUs). Simi-
lar and even more advanced new information sources are
now becoming available at the distribution grid, using dis-
tribution-level PMUs, also called micro-PMUs (xPMUs).
WPMUs provide voltage and current measurcments at higher
resolution and precision (o facilitate a level of viss
into the distribution grid that is currently not achievable.

lity

However, mere data availability in itself will not lead to

enhanced situational awareness and operat

nal intelli-

gence. Data must be paired with useful analytics 10 trans-
late these data to actionable information. In this article, we

explore some of the opportunities to leverage pPMU data,

combined with data-driven analytics. to help electrical dis-  stream their measurements continuously, the data must be
tribution system planners and operators 10 get out in front ~collected. cleansed, and processed, all in real time.

of problems as they evolve.

The collected pPMU data must then be dissected into

The data generated by yPMUs are a prominent exam-  descriptive, predictive, and prescriptive analytics. While
ple of big data in power systems. Each uPMU gener-  descriptive analytics focuses on what happened in the past,
ates 124,416,600 readings per day. Therefore, uPMUs  predictive analytics aims at what may happen in the future,
installed on a handful of utility distribution feeders can  Both arc stepping stones toward prescriptive analytics—
generate terabytes of data on daily basis. Because pPMUs  optimizing the future with informed decisions. Here, we
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consider case studies in both descriptive and predictive
analytics and provide a sampling of the benefits derived
from pPMU data
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Locating the Source of Events in Power Distribution
Systems Using Micro-PMU Data

Mohammad Fara,

Emma M. Stewart, Suwrllalba IEEE. and Hamed

Aburact—A novel method is proposed 1o locate the woarce of
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and transicnt analysis. as discusscd in & recent survey in [2) and
the references theein.

A Motivation

Consider voltage phasor Fig.1
from & micro-PMU st 2 real life 12.47kV distribution substation
in Riverside, CA. As expected, there are fluctuations in volt
20n smgriinde, il o vllge sng v, Hack et
has & /ol cause al cither ransmission network or distribution
nctwork (3], Cammon root causes of distribution lovel cvents
include load switching. capacitor bank switching. comncction or
disconnection of distnbutod encrgy resources (DIRs). inverier
malfunction, a minor fault, cic. Accordingly, in this paper, we
scck 10 answer the following question: for thase events with root

ing, capacitor bamk swiiching, DER connrcomdisconne o,
or device malfunction occur”

Aaswering the above qecstion is the key 1 achicving ritus
Siomn amerences in power dstibion systems. 5 2 1o g
track of how DIR
:Mummmmm ranging from
idcnsifying incipicnt failures |11, [4] o cyber-attacks [}, 10 re-
crsiting demand side resources 10 comstruct 3 sclf-organizing
power distribution sysicm [6)-{8]. Hore, an event is defined
rather broadly 1o inclede amy msjor change in & component
across the distribution focdcr. m‘dmm-hm‘m

of clectric
W'Mlmlmuxhumkluumd
ing above acceptable nodal voltage limits, 25 well s relsability

cvents, such as intcrrupting service doe 10 fasiis that cause fuse
blowing or relsy trippeng (9] However, since the goal in this
paper is 1o cohance awareness in power distribution

sysicms, we ar interested also i PQ events that do not noces-
sanily violse PO roquirements o andermine reliability, but they

ORI © J00K IEEE. Mot e 1 parmatint. It mpulicadonasituor i I3 permassion

(DE-EE0008001) | | |} R'
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Situational Awareness in Distribution Grid Using
Micro-PMU Data: A Machine Learning Approach

Alireza Shahsavari, Studens Member, IEEE, Mohammad Farajoliahi, Seuden: Member, [E

Emma Stewart, Semior Member. IEEE, Ed Conez, Hamed Mohsenian-Rad, Semior Member, IEEE

o mract—Tie v devebpmeat o dstribution kvl phasor
wnits, aka micro-PMUs. has been an important
—,—-ﬁ-u-.n-—d----—nﬁm.

L INTRODUCTION
The profiferation in distributed energy resoues, electric
vehicies. and controllable Joads has introduced new and .
dictable sources of disturbance in distribution networks.
This calls for developing new monitoring sysems that can
support achicving sitmstional swaencss at distribution-kevel,
thus, allowing the distribution sysem operator 1o make the
best operational decisions @ responm to such disturbances

3

and up-to-date models for most practical distribution circuits
Third, due o the lower voltage and the larger number and
A Shaaan, M fEmoRe md 1 Moeenen Kad @

et of St snf Oumper Mpvutg. Uuboety of s
SA K Sewan & web the nfTeguciur s, Cyber

varicty of uslity and customer cquipment, distribution sy ems
= subject 10 2 buge pumber of events on 2 daily basis.

The first challenge sbove has reaeealy been msoived by the
advent of micro-PMUs [1}. A typical micro-PMU is connected
1 single- or thres phaw diswibution circuits % measare GPS
time seferenced magnitudes and phaw angles of voltage and
current phasors at 120 readings per second. Since 2015, several
micro-PMUs have been installed st pilot st sites in the st
of California, including some in the city of Riverside [2).

This paper makes we of real-world micro PMU data from
» foeder in Riverside, CA. see Fig. 1. It seeks © addmss the
wecond and the third challenges lised above. Specifically, we
propose » novel model fee situational awarcncss framework
for power distribution systems 1o tum micro PMU data in to
actionable information for tangible use cases. This is done
by introdacing 2 novel daa driven event detection wchnique
25 well s 2 novel data-driven event chmque
Event dection is applied o cight non linearly dependent data
streams for esch micro PMU, including voltage magnitude,
current magnitude. actve power. and mactive power Event
clamification is done by extracting the inberent Eatures of
detected events, and by comstructing an algorithm that can
leam from and male predictions of various events. The main

in this paper can be 2 follows:

1) A novel situstional swareness framework is introduced
for power distribution systems wsing micro PMU data.
that is modelfee; it works by yoing through a
quence of event detection, event classification. and evert
scrutinization efforts to tramform the lage amount of
measu ment data from micro PMUs to information that
are usefl for distribution system operators.

The spproach in this paper makes e of field expen
knowledge and wility records in order %o conduct an
cxtensive data driven evens labeling for micro.PMU
data. The detecied events are labeled according 1o evens
come and evers fype. As for the event detection phase
prior o event labeling. our approach is comprehensive.
& involves moving windows to belp compensate the lack
of information about the siart fime of exch event. It also
imvolves dynamic window sizes 1o help compensate the
lack of information aboot the duration of each event

Difimnt &atre xlection approaches and diffE et clas-
sification methods are examined and compared. includ-
ing muli SVM, k-nearest neighbor, and decision. tree,
with comsidering certain aspects of events from micro-
PMUs, ¢y umeven datasets and features of multi sream
signals. It i shown that the wee of the proposed detection
featums, such s detection window and detection indica-
e, is cntical. regardiess of the method of classification.

Application of Load Switching Events in Steady-State Load
Modeling in Power Distribution Networks

Alireza Shahsavari, Mohammad Farajollahi, and Hamed Mohsenian-Rad
Depanment of Ekectrical and Computer Engineering, University of California, Riverside, CA, USA

feeder itsell. Serond, the ubjoctive of the analysis is different.
The existing event-orienied load modeling methods are intended
o ohtsin a ZIF model for the aggregate lond of the entire
distribution fewder. The application of mch leeder-agaregated
toad models is in analysis of sub-transmission and transmsbsio

In ere we seck to obain & ZIP model for

cach individual lnad across the feeder. The application of mich
individual bond models is i the analysis of the di m
e, such s with respect to the operation of distributcd encray

of the proposed method is examined

resources. The
en & festfoe der under varios operating scenarios by considering
the impact of exrors in feederhead meauements.

Keywords: Event-oriented method, steudy-stute load mode ing,
distribution system analysis, load switching events.

L INTRODUCTION

A meent CIGRE mpont in [1] has found that the majority
of the wililies we messuemeni-based methods 10 estimaie
the prameters of their load models. Measurement-hased load
modeling can be classified static and dynamic. Our focus in
this paper is on static load modeling, whew the poal is
e he et of the s>-caled ZIP o modkl
Ani based static load model-

Fa & A detbuion s wih b oo, comepundig b
coampe o Socim I o) e sioge e m.mum.i!.trm..uﬂ
e e d volage and acive power @ e Eederhead, mapecivel.

Inmitively. the basic idea in this paper is as follows: ance &
load switches, the switching event changes the vollag in the
rest of the loads on the same feeder, and this causes vanation
in their active and reactive power consumption; thus allwing
us to estimaie their load parameters. However, the challenge
in implementng this idea s e such vafation s be
measured directly unkess there is @ meter at each load bus,
‘which in that case individual load modeling is trivial. Thus, we
assume that individual load meters are nor available. Instead.
we seek to achieve mdividual load models by using only the
at e foeder-head.

ing methods is. rvem-unenwd ie., they analyre certsin events
and the responses of the loads 10 those events in order o
estimate the load modeling parameiers. When it comes to
event-onentad static load modeling at distribution-level, one
can identify two common festures for the existing methods.
First, they are concerned with obtaining a ZIP model for the
enire Ioad of the foeder as seen by the distribution substation,
such as the methods in [2}-[7]. Second. they use the apsream
events o enable load modeling, such as voltage events that are
initizied from ouside the distribution foeder, .., see [21-[T1
In this paper. we explow making use of a different type of
events and seek to achieve & differznl loed modeling obective.
Spocifically, we ek 1o investigaie the load switching events
on the distribution feeder itself in order to obtain models
for the individual loads that exist across the feeder that is
heing studied Accordingly, the methodology in this paper is
interently different compared to the existing event-orienied
static load modeling approaches, such as thow in [21-{7)

This work was NSF granis 1367530 amd 1257511 Dok:
1 Do AR MO o NKXISARRIA. Toe comeponing.
smthor s H. Mobsenian Rad, e mut. hamedece ucre de

1L ILLUSTRATIVE EXAMPLE

Consider a distribution feeder with 1 = 3 buses! as shown
in Fig. 102, Depending on which individual loads are surned
on and which individual loads are rumed off. there can be
a ftofal of 3% — 1 = T possible load configurations in this
foeder, excluding the no load situation. Figs. 1{b and (c) show
the voltage and active power that are measued at the foeder-
bead during load configuration m,. .., 7y, Rspectively. The
switches staris comesponding 10 each load configuration i
given in Table L Our goal in this paper is to model each of the
three individual loads in Fig. 1(a) by studying the sequenaes
of measurements at the feder-head in Fig. 1ib) and (c).

A. Sysuem of Equasions and Unknowns

In order i achieve the shove goal, we need to sohve a system
of equations that comprises circuit models and load models.
We stan with writing the law of complex pover conservation,

"As we will s i Theomem 1(5) in Seckon I e misimum namber of
buses s comduct dhe proposed evest oriensed load modelisg probiems i thrse.

9/12
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With Line Current Sensors:

- Topology Identification

—+ 1. Reliable Solution

2. Fast Calculation

— 3. Light Computation

4. Switch Malfunction
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Topology Identification in Distribution
Systems using Line Current Sensors:
Deterministic and Stochastic MILP Methods

Mohammad Farajollahi, Student Member, IEEE. Alireza Shahsav:
Hamed Mohsenian-Rad, Senior Member; IE|

Absrac—This sty is mothvated by the rcent sdvanceme
in develping non-contact line sensor technologies Gl come al
o cont, bk e el rmeaarement capubles. Wik they
are intended to measure current, ey e volug
ind power. This poses 3 chillenge Lo certain distribution sysem
applications, such as topology identification (T1). because they

formulation in this conlex! in form of o mised inleger nonlinear

program (MINLP). Several reformulation sieps are then adopled

o tackle the nonlinearities (o express the T problem in form of &
4 integer lincar program (MILP). The propescd method is

e o identify ll possible topologles, Including radl, loop,

ad and confguraiors, vhich exiads the application

TL to identify swilch m ons and 1o detect outages. i

22 lul cam bomad o0 & caskockd Sender e Kivarkde, CA.
The resuks demonstraie the effcency 1nd robastness of both
the dete ministic and stochastic T1 algorithms.

Kewords: Tapology identification, line sensors, distribution
mark, mmmw linear program, stochastic optimization.

L INTRODUCTION

Comect. knowledge: of the network topology is vital for
various aspects of the distribution netwerk’s operation, in-
cluding state cstimation, fault location, Volt-VAR control,
demand side m If the network topology is
known incorrectly, then the above applications also produce
t results, Therefore, a continuous procedure to iden-
tify the topology of the network is mecessary. However, in
practice. topology identification (T) is a challenging task for
distribution systems duc 1o the limited measwrements as well
as unavailable or unreliable information sbout the status of
switches and circuit breakers across distribation feeders
The most common T1 approach in practice for utilities is
to dispatch their ficld crow members Lo examine the switches
status at the fiekl. OF course, it is a costly option and cannot

The auhors s of Elpctrical and Compaser Engineer.
g, Lniveny " s Rverian Ch, D58 This work was suppored
granis 1463530 and 1253316 and Df grame

mipwdme 1. ihantn Roh e et soree el

Student Member, IEEE,

be done frequently in order to continuously track changes in
topology. An alternative approach is 1o use measurement-based
TI algorithms that estimate the status of switches based on
available sensor measurmens,

Several different measurement-based methods have boen
proposed in the literature. One class of T1 algorithms uses
various field measurements to conduct distribution sy stem state
estimation for every possible topalogy configuration, and then
chooses the topalogy that results in the minimum residue
errors in stake estimation [1], [2]. However, such exhaustive
approach s ofien compataionally complex. A mmedy is to
integrate the TI problem into the state estimation problem
formulation so as to simultaneously estimate not only the
system states but also the staus of the switches [3], [4]. This
can help improve computational efficiency. However, the issue
with any TI algorithm that somchow involves state estimation
is thet one may not have sufficient field measurements o do
full state estimation; even though the available measurments
could be sufficient for the sole purpose of TL

There are other TI methods proposed in the litrature that
use & rather limited set of measurements solely for the purpose
of TL A common approach in this line of work is to make
use of voliage measurements. For exampke, in [5], the authors
recanstruct the power distribution prid topology by conducting
a comelation analysis of voltage measurements. In [6], the
authors wtilize 4 time-scrics signatur: verification method (o
identify nctwork topology using ‘)m:hrwnxd vollage phaser
data. The usage of voltage measurements c: m smart
meters in T1 application is also eportcd in | and [5].

In this paper, we seek to develop a T1 algorithm that makes
use: of line curren measuremenss. Our study is motivated by
the recent advancements in developing non-contact line cument
sensor technologics that come at a low-cost and they can be
installed very easily using hot sticks, when compared with the
traditional utility sensors that measure voltage and power. The
features of these new seasor lechnalogies will he explained
in details in Section 1A, There already exists a verity of
commercial choices for non-contact line cument sensors, e.g.,
sce [91, [10), and a growing number of wilitics, such as
in Riverside, CA, ar looking into installing such low-cost
sensors on their medium and low voltage distribution lines

While the Tine current sensor
are capable of measuring electric field, they are not capable of
measuring voltage. More precisely, they cannot measure volt-
age whik keeping their cost down at a level that justifics their
application in power distribution sysems. As & result, they
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DER Control Based on Extremum-Seeking lterations:

-+ Model Free

— Probe Signal

—+ Gradient Descent
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Realities in Field Implementation «

—» Limited Utility Resources New Technologies

—» Limited Project Resources

Innovative Solutions

v

Publications

Sh t R NIVERSITY OF CALIFORNIA
U.S. Department of Energy IVER



DoE Energise Project DE-EE000800 |

Thank You!

https://www.ece.ucr.edu/~hamed
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